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Abstract 
Heat exchanger is that device which is used to transfer thermal energy in more than two 
fluids, between a solid surface and a fluid, at different related temperatures. Heat exchangers 
are used in various applications and the deserving heat exchangers have major demand from 
industries. Due to the increasing trend of global industrialization, crucial efforts have been 
taken to increase the heat transfer, rate of heat transfer, minimize dimensions of heat 
exchangers, and also increase in the overall effectiveness. The secondary flow develops to the 
curvature of the tube. The curvature of the coil rules the centrifugal force while the pitch or 
helix angle creates the torsion subjected to the fluid. The fluid streams in the outer side of the 
pipe moves heavier than the fluid streams in the inner side of the pipe. The variations in 
velocity sets-in secondary flows which enhances the heat transfer rate. The main objective of 
this study is to create the helical coil heat exchanger on the basis of Reynolds number. The 
performance of any heat exchanger is incremented with the use of helical coil tube structure 
and it infers that the helical coiled tube heat exchanger is a better solution for the 
modification over conventional/traditional type of heat exchanger. 
 
Keywords: Helical coil heat exchanger, heat transfer, reynolds’s number, secondary flow 
 
INTRODUCTION 
The main objective of constructing a heat 
exchanger is to get an efficient method of 
heat transfer from one fluid to another 
fluid, by direct or indirect contact. The 
heat transfer through radiation is not 
considered as it is negligible/less in 
comparison to conduction and convection. 
Conduction takes place whenever the heat 
from the high temperature fluid flows 
through the surroundings. 
 
The flow through a curved pipe has been 
convincing much attention of researchers. 
The fluid flowing through curved tubes 
induces secondary flow in the tubes. The 
curved shape of the tube causes the 
flowing fluid to experience centrifugal 
force. The fluid particles flowing near to 
the tube wall experience a lower 
centrifugal force as compared to the fluid 
particles flowing in the tube core section. 
This causes the fluid from the core region 
to be dragged towards the outer wall. This 
stream distributes at the wall and drives 
the fluid towards the inner wall along the 
tube, causing generation of secondary 
flows which produce additional transport 
of the fluid over the cross section of the 
pipe. This additional convective transport 
increments heat transfer and the pressure 
drop when compared to that in a straight 
tube. This secondary flow in the tube has 
significant ability to improve the heat 
transfer due to mixing of fluid. Forced 
convection in a heat exchanger transfers 
the heat from one moving stream to 
another stream through the wall of the 
pipe.  
 
NOMENCLATURE 
qh Heat carried by hot water, watt 
qc Heat carried by cold water, watt 
Thi Inlet temperature of hot water, °C 
Tho Outlet temperature of hot water, °C 
Tci Inlet temperature of cold water, °C 
Tco Outlet temperature of cold water, °C 
UOverall heat transfer coefficient, W/m2K 
Ɛ Effectiveness 
ΔT LMTD, °C 
Re Reynolds number  
Nu Nusselt number
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Experimental Setup 
 
Figure 1: Container having helical coil. 
 
 
Figure 2: Helical coil structure inside the container. 
Cad Model 
 
Figure 3: Cad model of heat exchanger. 
 
In the Fig. 3, the number indicates:  
 Reference numeral 1 relates to First 
helical coil 
 Reference numeral 2, Second helical 
coil 
 Reference numeral 3, Third helical coil 
 Reference numeral 4, Rectangular shell 
 Reference numeral 5, Inlet of primary 
fluid 
 Reference numeral 6, Outlet of 
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primary fluid 
 Reference numeral 7, Inlet of 
secondary fluid 
 Reference numeral 8, Outlet of 
secondary fluid 
 Reference numeral 9, Removable 
upper cover 
 Reference numeral 10, Bolts 
 Reference numeral 11, Separators
 
 
Figure 4: Positions of thermocouple. 
 
In the Fig. 4,  
Thi indicates Inlet temperature of hot water. 
T1, T2, T3, T4 indicates temperature of 
water passing through three coils at 
different positions. 
 
Tho indicates temperature of hot water at 
outlet. 
 
Experimental Procedure 
Assumptions 
 Mass flow rate of hot water is constant. 
 One dimensional flow. 
 Heat transfer between shell and 
surroundings are negligible. 
 During entire cycle system remains 
closed. 
 All the clearances are assumed to be 
equal around all the helical coils. 
 Temperature of cold water is considered 
as constant. 
 Heat transfer occurs at steady state. 
 
Experiment is conducted on the three pass 
helical coil heat exchanger with cross 
counter flow arrangement to determine its 
performance. The procedure used in 
experiment is described as follows. 
 Assemble heat exchanger properly 
and check all water supplies. 
 Arrange all Piping to all inlets and 
outlets for supply of hot and cold 
water.  
 Heat Water at various temperatures to 
carry out experiment and to get 
different experimental readings. 
 Connect Hydraulic pump to hot water 
inlet having discharge of 350 LPH 
(0.097222 kg/s). 
 Supply cold water to fill the shell 
before starting the experiment to 
maintain steady flow of cold water. 
 Start the cold water pump and 
maintain appropriate flow rate of cold 
water. 
 Measure flow rate of cold water by 
using measuring flask. 
 Record the temperature detected by 
temperature sensor at cold water inlet. 
 Start the hot water pump once the 
temperature is appropriate. 
 Measure the flow rate of hot water 
using the measuring flask. 
 Record the temperature detected by 
temperature sensor at hot water inlet. 
 Record the temperature detected by 
temperature sensor at different 
positions on three helical coils. 
 Record the temperature detected by 
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temperature sensor of hot water at the 
outlet. 
 Record the temperature detected by 
temperature sensor at cold water 
outlet. 
 Determine the various heat transfer 
parameters by theoretical calculations. 
 
The experiment was performed until 
steady state was achieved from start 
performing of the experiment. Numbers of 
readings for different temperatures were 
taken. From obtained observation table, 
further analysis of different parameters of 
heat exchanger is done. 
Observation Table 
Table 1:  Reading No-1. 
Thi(
0
c) Tho(
0
c) Tci(
0
c) Tco(
0
c) T1(
0
c) T2(
0
c) T3(
0
c) T4(
0
c) 
67.05 34.15 32.8 36.2 43.1 38.3 38.8 34.8 
67.95 35.7 32.8 42.5 49 40 40.6 36.2 
67.85 36.9 32.8 45.8 50.9 41.9 42.3 37.4 
 
Table 2: Reading No-2. 
Thi (
0
c) Tho (
0
c) Tci (
0
c) Tco (
0
c) T1 (
0
c) T2 (
0
c) T3 (
0
c) T4 (
0
c) 
75 32.3 30 31.4 49 40.8 41.3 36.8 
71.8 36.2 30 39.9 48.9 42.6 42.1 36.9 
69.95 35.9 30 42 43.3 37.4 43.3 36.6 
 
Table 3: Reading No-3 (Day 3). 
Thi (
0
c) Tho (
0
c) Tci (
0
c) Tco (
0
c) T1 (
0
c) T2 (
0
c) T3 (
0
c) T4 (
0
c) 
80.3 32.75 32.4 43.1 51.8 40.9 41 35.9 
80.8 36.3 32.4 46 50.8 41.5 41.5 37.8 
79.5 36.95 32.4 48 48.9 39.9 40.9 38.9 
 
Important Formulae 
Mass Flow Rate (ṁ)  
ṁh=ρQh 
ṁc= ρQc 
 
Effectiveness (€) 
qh= ṁh*cp*(Thi-Tho) 
qc= ṁc*cp*(Tco-Tci) 
qavg    = (qc + qh)/2 
qmax   =ṁmin*cp*(Thi-Tci) 
Effectiveness, € = qavg/qmax 
 
Overall Heat Transfer Coefficient (U) 
U = qavg/Ao*LMTD 
LMTD = [(Thi-Tco)-(Tho-Tci)] / ln[(Thi-Tco)/ 
(Tho-Tci)] 
Reynolds’s Number (Re) 
Reh= (ρh*Vi*di)/µ 
Rec = (ρc*Vi*Dh)/µ 
Nusselt Number (Nu) 
Nu= (h*di)/kh 
Friction Factor (f) 
fh= (7.2/Reh
0.5
)*(di/Dc)
0.25 
fc= (7.2/Rec
0.5
)*(di/Dc)
0.25 
Result Table 
Table 4: For Observation no. 1. 
Thi-avg(
0
c) Tho-avg(
0
c) Tci(
0
c) Tco(
0
c) € U0 Re Nu f h 
67.05 34.15 32.8 36.2 0.7168 398.6398 18966.143 5.021 0.0247 
67.95 35.7 32.8 42.5 0.7291 403.455 19066.143 5.121 0.0247 
67.85 36.9 32.8 45.8 0.7356 405.6642 19116.143 5.221 0.0247 
 
Table 5: For Observation no. 2 
Thi-avg(
0
c) Tho-avg(
0
c) Tci(
0
c) Tco(
0
c) € U0 Re Nu f h 
75 32.3 30 31.4 0.6590 323.4001 20578.975 5.321 0.02377 
71.8 36.2 30 39.9 0.6637 306.3744 19800.135 5.421 0.02377 
69.95 35.9 30 42 0.6959 325.6541 19750.558 5.521 0.02377 
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Table 6: For Observation no. 
Thi-avg(
0
c) Tho-avg(
0
c) Tci(
0
c) Tco(
0
c) € U0 Re Nu f h 
80.3 32.75 32.4 43.1 0.7542 736.4136 24633.340 5.641 0.02169 
80.8 36.3 32.4 46 0.7482 403.554 24889.567 5.679 0.02169 
79.5 36.95 32.4 48 0.7293 417.2661 23956.147 5.686 0.02169 
 
Graphs 
 
Figure 5: Uo versus Reh. 
 
Due to provision of separators in the 
shell, turbulence if cold water increases 
this results into increase in Reynolds’s 
number of cold water slightly. And also 
all overall heat transfer coefficient.
 
 
Figure 6: Re versus f. 
 
From the graph it is observed that as 
Reynolds’s number increases, a 
decrease in frictional factor is observed. 
This is because frictional factor is 
inversely proportional to the velocity. 
So as velocity increases (i.e. Reynolds’s 
number increases) friction factor will 
decrease.
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Figure 7: Nu versus Reh. 
 
It is noticed that, for a pure convection 
total mean nusselt number increases with 
Reynolds’s number. For combine heat 
transfer mechanism, nusselt number 
reduces monotonically with increase in 
Reynolds’s number. 
 
 
Figure 8: ε versus Re. 
 
As Turbulence increases, due to obstruction 
to flow of cold fluid, Reynolds’s number 
increases. But effectiveness and Reynolds’s 
number are inversely proportional to each 
other. Hence, as effectiveness goes on 
decreasing, Reynolds’s number increases. 
 
CONCLUSION 
After carrying out an Experimental 
analysis on a three pass helical coil heat 
exchanger, following conclusions can be 
drawn. 
The main conclusions are listed as follows: 
 Due to provision of separators in the 
shell, turbulence of cold water 
increases which results into increase in 
Reynolds’s number of cold water 
slightly and also in overall heat 
transfer coefficient. 
 As Reynolds’s number increases, a 
decrease in frictional factor is 
observed. This is because frictional 
factor is inversely proportional to the 
velocity. So as velocity increases (i.e., 
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Reynolds’s number increases) friction 
factor will decrease. 
 As Turbulence increases, due to 
obstruction to flow of cold fluid, 
Reynolds’s number increases. But 
effectiveness and Reynolds’s number 
are inversely proportional to each 
other. Hence, as effectiveness goes on 
decreasing, Reynolds’s number 
increases. 
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